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Abstract-- Fermentation of milk enhances its nutritional values 
through improved bioavailability of nutrients and production of 
substances including bioactive peptides, which have biological 
functions.The goals of this research were to study the effect of 
fermentation and storage on antioxidant activity of buffalo and 
goat yogurts.Samples of buffalo milk , goat milk and thei r yogurts 
were determined for proximate analysis and bioactive activity 
including antioxidant activities of DPPH , A B TS, reducing power 
and superoxide assays during the fermentation and thei r storage.  
Results showed that buffalo and goat yogurts had antioxidant 
activities of all assays and thei r activities significantly increased 
during thei r fermentation.  However , the activities of both 
products remained unchange during the storage time of 21 days 
at 4oC .  I t can  conclude that the antioxidant activity could be 
found in buffalo and goat yoghurts and the activities were 
affected by fermentation.The fermentation would lead to protein 
digestion in milk to produce short chains of amino acids acting as 
bioactive peptides and lactic acid production possibly responsible 
for antioxidant activity.   
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I. INTRODUCTION 
 
Bioactive peptides are short chains of amino acids 
that are occurred during gastro intestinal digestion or food 
processing. The peptides have showed a wide range of 
biological activities such as antihypertension, like, anti-
oxidant, anti-microbial, anti-angiotensin converting enzyme 
(Anti-ACE) and anti-carcinogenic activities [1]. More 
recently, a great interest has been focused on peptides that can 
lower the blood pressure in hypertensive patients, since 
hypertension is a disease that is increasing at high rates, 
especially in the developed countries [2]. Sources of bioactive 
peptides are found to be milk and milk products. Fermentation 
of milk enhances its nutritional value through improved 
bioavailability of nutrients and production of substances which 
have a biological function [3, 4]. Fermented dairy products, in 
addition to providing both energy and nutrients, are the 
excellent sources of bioactive peptides. They provide 
numerous peptides with bioactive properties and the formation 
of lactic acid and flavor compounds during fermentation and 
storage [5]. A large number of oligopeptides are generated by 
casein degradation with extracellular protease from microbial 
cells. Consequently, amino acids and small peptides are 
generated by further breakdown with intracellular peptidases 
[6, 7]. The proteolytic activities result in the release of 
bioactive peptides from specific amino acid sequences within 
the parent proteins and they can provide physiological benefits 
[8, 9, 10]. The size of bioactive peptides may vary from 2 to 
20 amino acid residues with their activities depending on the 
amino acid compositions [3]. 
  
Lactic acid bacteria (LAB) are commonly used to 
ferment milk into yoghurt and other fermented milk products. 
The types of LAB usually used in the dairy industries are 
thermophilic and mesophilic strains of Streptococcus, 
Lactococcus, and Lactobacillus species [6]. During 
fermentation of milk, the cell wall associated proteinase of 
LAB hydrolyses caseins into large peptides which are uptake 
into their cells then breaking by intracellular peptidase 
resulting in a range of bioactive peptides showing, for 
example, hypertensive or angiotensin-I-converting enzyme 
(ACE)-inhibitory activity [6]. 
 
Cow milk and its products have been studied for 
bioactive peptide activities. Based on FAO Statistics (2009), 
cow milk is the most important milk among the different types 
of milk produced and it has been growing at the rate of about 
6.9% annually. The percentage proportions of milk production 
are as follow: cow milk (73.4%), goat milk (12.7%), buffalo 
milk (8.9%) and sheep milk (5.0%). Among the countries, 
spectacular annual growth rates for milk production have been 
recorded in Thailand (24.1%) and Indonesia (13.4%). 
Consumers drink goat or buffalo milk less than cow milk 
because of a problem in taste. However recent years, the trend 
of goat and buffalo milk consumption becomes rising up due 
to consumer'0 awareness to their health and nutrition. Some 
people are also suffering from cow milk allergy and digestive 
problems. In addition, goat and buffalo milk products are 
worldwide available commercially. Unfortunately, no studies 
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have been done to investigate bioactive activities in such 
products. The goals of this work were to determine antioxidant 
activities of buffalo and goat milk and their products and to 
study effect of fermentation and storage on antioxidant 
activities of the milk products. 
 
II. METHODOLOGY 
 
A.Samples and Sample Preparation 
Raw and processed milk including their yoghurts 
made from goat and buffalo were collected from local farms. 
In addition, their yoghurt samples during fermentation (0 - 4 
hours at 37oC fermented by Lactobacillus bulgaricus and 
Streptococcus termophilus) and during the storage of 21 days 
at 4oC were collected. Sampleswere prepared by centrifugation 
at 6,000 g, 4oC for 15 minutes. The supernatant (water soluble 
peptides extract) was kept and determined for bioactive 
activities. 
B. Proximate Analysis 
 
All milk samples were analyzed for proximate 
composition; 
 Ash [11] 
 Moisture [12] 
 Protein by Kjeldahl Method 
 Lipid (Fat) by Gerber Method 
 pH value 
 Lactose content[13]. 
 
C .  Antioxidant Activity 
 
All milk samples were analyzed for antioxidant 
analysis by DPPH assay [14], reducing power assay [15], and 
ABTS assay [16]. Ascorbic acid 10 mM as positive control. 
Negative contol was DMSO or distilled water. 
 
D . Statistical Analysis 
 
The experiment was done in triplicate. Results were 
reported as mean values ± standard deviations. One-
wayANNOVA and Duncan tests were employed to find out 
the significant differences between treatments (p< 0.05). 
 
III. RESULTS AND DISCUSSIONS 
 
A. Proximate Analysis 
 
1) Ash  
Ash content wassame during fermentation to become 
yoghurts.  The results are similar to the other report[18].  Heat 
treatment could not affect ash content in milk samples. No 
changes were observed in ash content in all yoghurt samples 
within 21 day storage. The storage of yoghurts in a refrigerator 
(4oC) did not affect ash content in the products. 
2) Moisture  
During fermentation, moisture content of buffalo (from 
82.68 to 82.04%) and goat yoghurts(from 87.08 to 84.27%) 
were decreased but it was stable during storage (Fig. 1). The 
results are in line with other observations [19-21]. 
 
 
Figure 1. Moisture content in buffalo and goat milks and their yoghurts after 
fermentation and storage* 
 
3) pH 
Fig. 2 shows that fermentation affected pH values.  
Their pH became decreased during milk fermentation but 
remained unchanged during storage in a refrigerator.The 
acidity increased and pH decreased as a function of 
fermentation time as lactic acid produced by LAB in yoghurts. 
Acid production depends upon the growth of the organisms 
and their abilities to ferment some available carbohydrates in 
milks. S. thermophilusand L. bulgaricusreadily utilize lactose, 
which is the major fermentable sugar in milk, and they 
produce substantial amounts of acid in milk.  After 4 hours of 
fermentation, the pH obtained was around 4.4 from 6.50. 
 
 
 
Figure 2. pH in buffalo and goat milks and their yoghurts after fermentation 
and storage* 
 
4) Lactose 
From fig. 3, lactosewas decreased during fermentation 
because it was consumed by LAB to produce lactic acid. 
Storage in a refrigeratordid not change lactose content of final 
yoghurt. It was also found that buffalo milk and its yoghurt 
(from 6.11-6.05% to 5.12-5.15%) had higher lactose content 
than goat milk and its yoghurt (from 4.66-4.61% to 3.65-
3,69%) as reported by [22]. 
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Figure3. Lactose content in buffalo and goat milks and theiryoghurts after 
fermentation and storage* 
 
5) Fat  
During fermentation, lactic acid bacteria hydrolyzed fat 
becomes smaller components [23]. Fat content was decreased 
in goat yoghurt (2.74-2.50%) during fermentation but wasnot 
changed (2.50%) after storage for 21 days in a refrigerator 
showed in fig. 4.  
 
 
 
Figure 4. Fat content in buffalo and goat milks and their yoghurts after 
fermentation and storage* 
 
6) Protein  
Protein content was increased during fermentation like 
in goat yoghurt (from 3.83 to 4.64%) but it was not change 
(4.66) after storage for21 days in a refrigerator (Fig. 5). The 
increasingof protein content in yoghurt depends on protein 
addition as yoghurt formation or the proteolytic activity of 
lactic acid bacteria, which hydrolyses protein (caseins) into 
peptides and amino acids [24]. 
 
 
Figure 5. Protein content in buffalo and goat milks and their yoghurt after 
fermentation and storage* 
 
In general, buffalo milk had higher total protein, 
lactose, and ash contents than goat milk. However, the major 
differences between buffalo and goat milks are related to the 
&#( %&$%$&($#' $ ( &#(  #' $ '#' 2'-
casein, as2- casein, k-casein, etc.) and the different structure 
and size of fat globules and protein micelles [25]. In addition, 
$( "!  ' !'' # 2'-casein, which is present in variable 
proportions depending on the individual goat breed [25]. For 
fat content, caprine milk contains a higher proportion of 
smaller fat globules [26,23] than buffalo milk. However, milk 
composition is depended on the type of breeds, storage, etc. 
 
 
B. Antioxidant Activity 
 
Figs. 6-8 show antioxidant activitiesof four assays in 
buffalo and goat milk and their products.It was found that % 
inhibition of all assays increased during 4 hour fermentation 
but it was slightly decreased during storage of 21 days. The 
results indicate that yoghurts would benefit to consumers as 
they still provided antioxidant activities until their expired 
date within 21 days of storage in a refrigerator.  In addition, 
antioxidant activities in all assays of goat milk and its yoghurt 
were found to be significantly higher than those of buffalo 
milk and its yoghurt.   
 
 
Figure 6. Antioxidant activitiesdetermined by DPPH assay of buffalo and goat 
milks and their yoghurts during fermentation and storage* 
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Figure 7. Antioxidant activitiesdetermined by reducing power assay of buffalo 
and goat milks and their yoghurts during fermentation and storage* 
 
 
 
Figure 8. Antioxidant activitiesdetermined by ABTS assay of buffalo and goat 
milks and their yoghurtsduring fermentation and storage* 
 
*R=Raw milk; P=Pasteurized milk; Y0=yoghurt at 0 hour; 
Y1=yoghurt at 1 h; Y2=yoghurt at 2 h; Y3=yoghurt at 3 h; 
Y4=yoghurt at 4 h; S7=storage for 7 days; S14=storage for 14 
days; S21=Storage for 21 days 
 
Antioxidant activity occured in raw milk, because 
they have antioxidant compounds like aromatic amino acid 
residues (tyrosyl, phenylalanyl, tryptophan) and free 
sulfhydryl groups. In fact, the antioxidant activity of milk 
could be due to the contribution of natural antioxidants, such 
' 2-tocopherol, carotenoids, conjugated linoleic acid, casein 
and lactoferrin occurring in whey [27].  
 
Lactic acid bacterias produced scavengers for 
hydroxyl radical, which can be metabolic compounds 
produced by bacteria or degradation products of milk proteins. 
Peptidase digest of casein has shown to liberate small peptides 
with radical scavenging activity. Radical scavenging activity 
and inhibited lipid peroxidation and in most cases the 
activities increased during the fermentation period[27].  
 
 
 
 
 
IV. CONCLUSIONS 
 
Buffalo and goat yogurts had strong antioxidant 
activities of all assays and their activities significantly 
increased during their fermentation.  The activities of both 
products remained unchanged during the storage time of 21 
days at 4oC. It is concluded that the antioxidant activities 
could be found in buffalo and goat yogurts.  Both products 
may have benefit from those activities for consumers.  
Antioxidant activities increased as a result of the bacterial 
fermentation of buffalo and goat milk to become its yogurt 
products and there were no changes during the storage time of 
21 days.  The fermentation leads to protein digestion in milk 
to produce short chains of amino acids acting as bioactive 
peptides and lactic acid production possibly responsible for 
antioxidant activities.   
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